The ribosome is often considered a rather monochromatic machine that has persisted more or less unchanged for the past three billion years. That picture has begun to take on color as we see the intricate structure of the ribosomal RNAs with their associated proteins and as we learn of the subtle differences between eubacterial, archaeal, eukaryotic, and organellar ribosomes. New work by Komili et al. (2007) presented in this issue suggests that the ribosome, at least in yeast, has far more versatility than anyone had imagined.
About one hundred million years ago, there occurred duplication of the genome of an S. cerevisiae ancestor (Wolfe and Shields, 1997) . Although most of the duplicate genes were either lost or evolved new functions, fifty-nine pairs of paralogous genes that encode identical or very similar ribosomal proteins were retained. It has been thought that this served to accommodate the yeast cell's extraordinary need for ribosomal proteins (Warner, 1999) . Although this may be part of the reason why so many ribosomal protein paralogs were retained in S. cerevisiae, Komili et al. now provide several lines of evidence to suggest that only rarely are individual members of a paralogous gene pair functionally identical. The authors have built on the observation that in some cases deletion of only one gene of a paralogous pair alters bud site selection in S. cerevisiae (Ni and Snyder, 2001) . Taking advantage of the well-studied localization of ASH1 mRNA to the bud tip (Darzacq et al., 2003) , they examined ASH1 mRNA localization after deletion of many of the paralogous genes encoding proteins of both ribosomal subunits. The authors find clear differences in the localization of ASH1 mRNA, which appear to correlate with bud site selection. These effects are neither dependent on the expression level of the duplicate genes nor are they suppressed by overexpression of the other gene, suggesting that the paralogous proteins are performing different functions.
The authors extended their primary observations by exploiting the tools of systems biology in two powerful ways. First, they compared the transcriptomes of yeast cells in which paralogs of genes encoding ribosomal proteins have been deleted and found substantial differences. Then, they mined a variety of data sets describing the phenotypic effects of paralog deletion, and they report marked variance between paralogs. From these data, the authors infer that the paral- ogs have some degree of specificity. The notion of diversity among ribosomes has been around at least since the discovery that ribosomal proteins can be modified by phosphorylation. In plants, multiple genes, which are far more divergent than in S. cerevisiae, encode each of the proteins that constitute the ribosome (Barakat et al., 2001) . There is also evidence that paralogs are differentially expressed throughout development and under stress conditions, which is widely believed to have implications for translational regulation (SzickMiranda and Bailey-Serres, 2001). What Komili et al. now add to this discussion is a data-rich and closely reasoned functional analysis that leads to the intriguing conclusion that there is a very large variety (some subset of 2 59 ) of ribosomes with some degree of specialization. They propose that there is a "ribosome code" that influences translation and perhaps other cellular functions, analogous to the "histone code" that influences transcription.
Although the analysis is persuasive, it does run up against some troubling facts. For one thing, the amino acid sequences deduced from many of the gene pairs mentioned are identical, e.g., S18, L12, and L41. Therefore, the observed differences must be ascribed to other, as yet undetermined, causes. Also, as any paralog is sufficient to support growth, albeit at a reduced rate, it must be able to form a functional ribosome. Any polyribosome is likely to comprise a mixture, though not necessarily a random mixture, of different ribosomes. Thus, the effects proposed by the authors are likely due to rather subtle differences.
Of course, the key is to determine the mechanism by which the cell utilizes this ribosome code to carry out specific functions. One possibility that would parallel the regulation of histones could involve posttranslational modification. Like histones, certain ribosomal proteins are known to be phosphorylated, methylated, acetylated, and ubiquitinated. However, there is wan hope for an early resolution as the abundant phosphorylation of ribosomal protein S6 has been studied for 30 years with little understanding of its function (reviewed in Ruvinsky and Meyuhas, 2006) .
Another possibility is that many ribosomal proteins perform alternative functions, unrelated to the ribosome and translation (Wool, 1996) . Although there are a few examples of this phenomenon, such as the involvement of ribosomal protein S3 in DNA repair (Yacoub et al., 1996) , this seems to be the exception rather than the rule.
Is the ribosome code a widespread phenomenon? In general, mammals have only a single "real" gene for each ribosomal protein (except for the unusual example of paralogs of S4 on the human X and Y chromosomes), although the genome is studded with myriad pseudogenes derived from genes encoding ribosomal proteins (Uechi et al., 2001) . If the specific functions of ribosomes postulated by Komili et al. are not confined to yeast (and presumably plants) , the specificity of the ribosome code must be rendered by other means in mammals.
A particularly intriguing observation is that absence of Loc1, a protein important but not essential for 60S ribosome assembly, has distinct effects on paralogous ribosomal proteins. Although L7a or S18a (tagged with GFP) are spread throughout the cytoplasm, L7b and S18b, which are presumably in ribosomes, are concentrated remarkably at specific sites in the cytoplasm, possibly the endoplasmic reticulum. This is difficult to explain in terms of our models of translation given that the amino acid sequences of S18a and S18b are identical. Nevertheless, the new data suggest that the 150 or so ribosome assembly factors may be involved in assembling the 59 sets of paralogs in specific ways.
In essence, this provocative study issues a challenge from systems biology to molecular biology to explain how two genes encoding identical proteins can have such diverse effects.
